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BEHAVIOR OF A LOW-SPEED SLOWLY SPINNING 

By John D. Bird  and  Jecob H. Lichtensteio 

s u m y  

"4n investigation  was d e  in  the  Langley  stability  tunnel to deter- 
nine  the  er'fectiveEess  with  which  the  dynamic  characteristics of a low- 
speed slowly spinning  fin-stabilized  rocket  could  be  studied  by a eee- 
oscillztion  techoique  end to study  certsin  peculiarities of behavior  that 
have  been  observed  for  this  type or" missile.  The  testing s y s t a  employed 

apslication of initial  disturbances  siuilar t o  those emerienced in actual 
Zirings. 

a pemitted the  model  freedom  to r o l l ,  pw, and precess  and  enabled  the 

I 

Satisfactory  demonstrations  were  =de of an instability  encountered 
by  this missile in cross-wid firings,  and of the  effectiveness of 
reversing  the  direction  of  rotation  of  the m i n g  propeller In allevi- 
ating,  end  the  effectiveness of zciding a spoiler  cose r ing I.II completely 
eliminating,  this  instebility.  Tne  theoretical  calculattons  confirmed 
these  res-fits  and  indicated  the  instability to  be caused  by the aero- 
dynmic aswetry associated  with  arming-propeller  rotation m d  body  spin. 
As a result of these  and  other  observations  it  is  felt that W i c  tests 
of a ssinning  misslle  on a mount-g system of the  type  employed  herein 
offer an excellent  rnesns  for  studying  disturbed  motions mder conkrolled 
conditions  for  those  designs  where  the trmslatory degrees of freedon 
are wigortart. 

INTRODUC'llION 

Recently  considerable  interest  h&s  beeo shown in %he  stability of 
spiming missiles  because of the  increesed  use of this  type of weapon 
and  the  existence of an undesirable  short-round  phenonellon.  This  phe- 

which  persists  throughout  the  flight of the  missile  and  caosiderably 
- no?iier?on coosists or" the develoment of a large-amplitude vhirlhg motion 
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shortens  the  range  because of the   l a rge   d rag   a t   the  high angles of yaw 
involved. Such performance, i f  of frequent  occurrence,  places E? severe 
l imitat ion on the usefulness of these weepons. Observations  have shown 
tha t  the motion consists of a precession of the missiles about  the flight 
path a t  en  mgle of yaw,  much i n  the m n e r  of a top  precessing  about  the 
vertical .   Results *om the  Langley stability tunnel  indicate  that   the 
in s t ab i l i t y  of one missile of t h i s  type, a~ antisubmarine  rocket, i s  
closely  associated  with the existence of an unstable Y!@~lus ef fec t  which 
varies  nonlinearly  with  angle of y a w  sad  thus  only  takes  effect when 
disturbances of sufficieDtly large magnitude a re  experienced on f i r ing.  
It has been shown tha t  this Vagnus effect  could be  diminished by reversal  
of the  direct ion of rotat ion of sn arming propeller which was mounted on 
the nose of the  nodel and almost  completely  destroyed by the  addi t ion  to  
the nose of the model of a r ing  =de of small welding  rod.  Reference 1 
shows  by calculation  th&t  larger  disturbances  are  exgerienced by t h i s  
rocket when launched to   s tarboard from a movhg ship then when launched 
t o   p o r t  and that, for  s, rocket  having the Magnus effects  indicated Fn 
the Langley stability tunnel tests, in s t ab i l i t y  of the type discussed 
may be  obtained. From these results it can be seen that this in s t ab i l i t y  
w i l l  occur a t  lower  forward  sseeds OT the  ship, and thus smller in i t ia l  
cross winds, fo r   f i r i ngs  &e to   s tarboard  than  for   f i r ings made to   po r t .  
The difference  in   character is t ics  of the missile when f i r e d  t o  starbozrd 
and t o   p o r t  i s  shown t o   a r i s e  from the f a c t   t h a t   i n   f i r i n g s  made t o  star- 
board from a moving ship  the missile i s  i n i t i a l l y  urged by muzzle tip-off 
( the   ac t  of f a l l i n g  f r o m  the muzzle) in   the   d i rec t ion   in  which the  rocket 
normally  Frecesses  under the influence of t h e   s t a b i l i t y  produced by its 
t a i l  f ins ,  and the gyroscopic  effects  involved; whereas i n   f i r i n g s  made 
t o  Sort  the opposite i s  true.  Tcis condition  results i n  the assumption 
of different  angles of yaw end the absorption of d i f f e r e n t   m u n t s  of 
energy from the Magmas influence awing the   i n i t i a l   s t ages  of the motion 
i n  %he  two ceses. m i c a 1  records of sat isfactory and ursat isfactory 
flights of th i s   type  of missile a re  shown in   t he   fo rx  of  polar  plots jn 
figure 1 fo r   i l l u sma t ion  of the motion just  described. The m g l e  of yaw 
of the rnissile axis to   t he   r e l a t ive  wind is  plotted as the  radius and 
the  angle of precession of t he   n i s s i l e   ax i s   a s   t he  a z b u t h .  The satis- 
factory flight was t o  port, and the  unsatisfactory t o  starbomd. 

. 

The purpose of the present  investigation was t o  determine  the eff'ec- 
tiveness with which the dynmic  characterist ics of a spinning  missile 
having the   pecul ia r i t i es  of bebavicxr outlined  herein  could  be  studied by 
a ftree-oscillation  tecbaique and t o  confirm by experiments with such a 
system  and w i t h  supplementary  calculations the conclusions  reached i n  
reference 1. For this purpose, a tes t ing  systez was devisea wherein 
various  aisturbances  could be appl ied  to  a 1/2-scale  dynanic  Eodel of 
the  antisubmarine  rocket  previously mentioned. Tie model was xounted 
on a support s t ru t   i n   t he   t e s t   s ec t ion  of the Langley s tab i l i ty   tunnel  
with freedom to  spin under the  action of i t s  canted fins, t o  change angle 
of yaw, and to precess.  The'translatory  degrees of  freedom are  not 

- 



included in this scheme;  however, t he i r  omission -as ?e lk  not t o  be of 
major imFortance fo r  t h e   p r o b l a  a t  haEd. 

By uti l iz ing  this   setup,   a  series of t e s t s  were conducted  wherein 
the influence of simtzlated f i r i ngs  t o  pork aEd starboad were studied 
f o r  various  arming-propeller  arrangements and rates of spta. The dif- 
ferent spin  ra tes  were obtained by the  use of a series of s tabi l iz ing-  
f i n  arrangements  incorporating  vzriozls  helix  engles. Some calculations 
were made on s Reeves Electronic Analog Computer for congarison  with 
the  experimental results. 

The re su l t s  are presented  relative t o  the h;ulerFan system of axes 
shown in  figure 2 i n  which posi t ive  direct ions of aments, angles, and 
an@;ulzr veloci t ies   me  indicsted by arrows. The symbols and coeff ic ients  
&re defined es follows: 

8 

P 

w, 

A 

angle of yaw of longitudinal  missile axis w i t h  respec t   to  
flight path, radians 

angle of precession of Longi tudinalniss i le   axis   about  
flight path, radiam 

nondimensioml  spin rate &bout longitudillal  missile axis, 

(Spin r a t e )  x - 2 
2v 

nol;dirnensional t o t a l  s p h  r a t e  of missile, 
(Total spin rate) x - 2 

2v 
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moment of   iner t ia  of missile about   longi tudhal  axis, 
slug-f t 2  

r ek t ive   dens i ty   f ac to r ,  8A/pS23 

C,(Q,P) lateral-moment coefficient which is a function of 8 and p 

Cul longitudir-al-noxent  coeTficient , M/qSZ 
Cn I-ateral-mozent coefficient,  IV/~SZ 

r4 moment about  nodal  axis, f t - lb  

N moment about ~ o r m a l t o  nodal  axis, f t - lb  

7 nondlrnensional uni t  of time, 2 2tV 

t t ine,   sec 

9 dynamic pressure, PV , lb/sq f t  1 2  

P mass density of air, slugs/cu f t  

v forward  velocity, ft/sec 

S maxinum cross-sectional  area of aissile, sq f t  

2 length of missile, f’t 

X,Y,Z coordinate  axes t 
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Apparatus and Tests 

The equipment employed in these  tests  consisted of a 1/2-size wan- 
fcally  scaled model of Y%e antisubmi-ne  rocket ard a suitable nountrr-g 
system, 2 t r ipper  which served t o  give  the  proper init ial  disturbance  to 
the nodel, a periscope  for  observation  pmposes, .md cameras for recordips 
the m d e l  motions.  Figure 3 shows some of t h i s  equFpment =outed  in  the 
test  section and diffuser  OF the Thngley s t a b i l i t y  tunnel. 

The model employed f o r  Ynese t e s t s  m s  constructed  basically of 
mhogapy. Lead -WEB used fo r  ballast t o   o b t a i r  m i c  similwity betxeen 
test  and free-flight  cocditions.  Figure 4 i s  a sketch showing detai ls   of  
the model construction. Overall dimensional  and iner t ia l   charac te r i s t ics  
are  given i_n_ table I. Movable weights were used t o  comgensate for  the 
addition of s w l l  components such as m i n g  propellers and nose ri_llgs 
Ln order t o  maintzin t’ne center or” grzvity of the model a t  the  n o m 1  
center-of-gravity  location of the  rocket. The f ront  and rear portions 
of the model were mounted on 6j shaft that was supported by b a l l  bewings 
in   f ie   cen ter   por t ion .   Tnis   a r rzngaent  lef t  the greete-r portion of the  
model f r ee  t o  spin i n  response t o  the act ion of the s”kbi l iz ing  f ins  which 
were set a t  an angle w i t h  respec t   to  the Eodel  center  line. The center 
section of the  model, the exposed portion of which was 3 inches in length, 

did not sp in   in  order to allow  attacimec-b to  tne  supporting  strut .  Alu- 
m i n u n  skirts were mployed t o  cover the jo in t  alla so reduce  leakage 
between the  center  section and the ro tz t ing  f r o n t  end rear portions of 
the model. 

A nuuber of d i f fe ren t   anc i l la ry  components were employed i n   t h e  tests. 
These irlcluded three arming-propeller  configura-i;ions, three  s tabi l iz ing-  
f i n  arrangemerrts, end a spoiler  cose riag. OEe arnhg-propeller  config- 
ma t ion  w e s  th&t w i t h  which the missile - i s  o r i g i m l l y  designed m d  which 
rota-led  ogposite t o  the directio-rl  of  rotation of the missile. The second 
arming propeller was the same s i ze  as the or ighal   propel ler   but   rotated 
opposite t o  the direct ion of the orig-1 progeller. The th i rd  a-ming 
propeller w a s  gemet r ica l ly  sinilar but 50 percent  larger in diemeter 
than the other two and rotated  opposite  to  the  direction  of %?ne or ig ina l  
propeller. The three  stabilizing-fin  arrvlgements, which consistea of 
f i n s  azld shroud, were geometrically sintlar, but the fins had cmts 
of 3 O ,  7O (original) ,  and loo. All three f fn  azrangemeEts were designed 
t o  produce spin of the model ix the positive  sense  (figs. 2 md 4). The 

spoiler  nose  r ing was mede of 1 / 1 6 - i ~ ~ h  welting rod,  and m s  inches in 

outside  dhaneter. 
8 

The model wes mounted on Yce support s t r u t  by a ball-beming  gimbal 
s y s t a  a t  a positior_  carresponding t o  the  nom1  center-of-gravi ty   loca-  
t i on  or’ the  rocket.  This  systen  pemi-lted  the node1 t o  c-ge m g l e  of 
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yaw an2 t o  precess in much the same mzm-er as i n  f r e e   f l i g h t .  *Tne 
f r i c t i o n   i n  the b a l l - b e a i n g   g k b a l  was ke;?t as low as  possible  during 
t'ne t e s t s ,  of course.  Safety  cables 1/8 inch i n  diameter were stretched 
across  the  tunnel  in such m m e r   a s   t o  forn m octagonal  region  about 
30 inches between wires i n  which t h e   t a i l  of the  aodel wes located.  mese 
cables   res t r ic ted  the  mgle of YEW of the  nodel  to  about 35O and thus 
prevented  the  gimbal from being damaged  -when unstable  conditions were 
encountered. 

!&e t r ipper  was a device which served t o  hold the  missile a t  an ar-gle 
of YEW corresponding t o  a chosen s ide wind  and t o  give a scale  disturbance 
ir? precession  corresponding t o  the e f fec t  of the t ip-off   that  occtlrs a s  
the  rocket  leaves  the muzzle of  tce launcher. The de ta i l s  of  construction 
of this device are shown in   f igure  5 .  The tr i3per  was  coraected  through 
a self-al ining ball bearing  to a 5/16-inch-dimeter  trunnion w h l  lch was 
at tached  to   the  rear  of the model i n   l i n e  with i t s  longitadinal ax is -  
This connection  pem-itted  the model t o   sp in  i n  response t o   t i e   a i r s t r e a m  
and fins pr ior  t o  release.  

The tripper  could  be  located a t  various  posit ions  in  the  test   section 
ir, order t o  simulate various  degrees  of i n i t i a l   s i d e  wind. These various 
positions may be  ezployed t o   s h u l a t e   t h e  distimbar-ce  experienced by the  
rocket in f i r ings  to   s tarboard  or   port  from a xoving  ship. With the t a i l  
held t o   t h e  righ-; o r  l e f t  when facing  the wind, a downward f l i p  of tile 
t a i l  corresponds to  the  distmbance  experienced  in  f ir ings  to  starboard 
and port,  respectively. The periscope shown in  figure 3 vas  employed t o  
observe  the motion  of tlne xodel which resulted from the initial condition 
imposed  by the  tr ipper.  This piece or" ecpipmen-i; wes mounted downstream 
of the node1 location so tl?at a measure of  boti   the  angle of yaw and pre- 
cession  could  be  obtained. 

L 

. 

A st i l l  carnera rigged  for time exposures and a motion-picture  caxera 
were mounted about 60 f e e t  dow-stream of the model locat ion  for  making 
records or" the tests. The s t i l l  camera was used t o  record  the motion of 
the t a i l  of the model. This was accmplished by the use of a grain-of- 
wheat lamp attached a t  t i e  rear  ol" the  model in  the  trunnion employed for  
applying  disturbances. With a l l  other lights extinguished  traces OT the 
Potion of the  bulb were obtained  during time exposures. These traces 
wnen obtained from the rear  of the node1 as was done in   these  tests a re  
polar  plots  whereic t3e radius is proportional t o  the angle of yaw of 
the model and the azimuth m g l e  is  the a.xount tnat   the  nodel has precessed. 
The notion-gicture csimera, w a s  used t o  check the results of the s t i l l  
camera and to   ob ta in   i l l u s t r a t ive  scenes of the model motion with f u l l  
illm-inat ion. 

All tests were conducted in   t he  6 -  by 6-foot tes t   sec t ion  of the 
Langley s tgbi l i ty   tunnel  a t  a dynamic pressme of 39.7 poilnds per  sqmre 
foot  which corresponds t o  a Mach nmber of 0.17 and a Reynolds number 

8 
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of 4.84 x 10 6 based on nodel  ler-gth.  Tests were mde  to  study  the M l u -  
ence of arming-propeller  configuration,  spoiler nose ring, and rates of 
s p i ~  on the dyr?anic character is t ics  of t he   mde l  for s b u l a t e d   f i r i n g s  
t o  s o r t  and starboard a t  initial y a w  angles t o  30°. 5- one case  the 
e f fec t  of decreasing  the  tip-off  inpulse  vas  determined.  llable I1 is a 
l f s t  or" t he   t e s t s  made. 

Theoretical  Calculatiom 

A ser ies  of ce l cuh t ions  were made on a Reeves Electronic Amlog 
Computer fo r  conparison w i t h  the results of the experbents.  These calcu- 
la t ions,  with the  exception of spin,  included  the same degrees of freedom 
a s  were enployed ia the  experinents,  mmely,  mgle of y a w  mii precession. 
A constant  value which was obtahed  by avereging  ackual  missile  firing 
data was used fo r  the to t a l   sp in   r a t e .  The equations of notioo enployed 
were 

where 

and 9 and $ &re the M e r  angles as defined ia figure 2. These 
equations are effectively  those of a top wieh apzropriate  aerodynmic 
terns  added. Derivations of l ike  equat ions  my be  seen in references 2 
and 3.  

Calculations of the  disturbed motions of the rocket were =de +or 
comparison with  the  experinental  results for  simulated  firings t o  port 
and starboard a t  initial mgles of yaw up t o  about 30'. The eppropriate 
tip-ofr"  impulse was obtained from a c t i i l   f i r i s g s  (rer". 4 ) .  The conditions 
f o r  which these ca l cuh t ions  were =&de m e   l i s t e d   i n   t a b l e  111. The 
aerodynamic acd i n e r t i a l  constax&  used me givec i n  table I a d  ffgure 6. 

, 
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RESULTS AND DISC-USSION 

Presentation of Results 

NACA RM L54D22 

The re su l t s  of the  investigation are presented i n  figures 7 to 20. 
A l i s t  of a l l  tests corducted,  including an index to   the  f igures   giving 
experinental   results and cer ta in  comments thereon, i s  given i n  table  11. 
A l i s t  of the  conditions  for which theoretical   calculations were made 
f o r  comparison with  the  experhents i s  given i n  tab le  111. A majority 
or" the  experimental data were from photographic  traces of the  bulb 
at tached  to   the rem of the  model. Figures 7, 11, 14, and 18, however, 
were e i ther  wholly o r   i n   pmt   t r aced  from motion-picture  records. 

S tab i l i ty  of Original Model 

The experimental  dynmic  characteristics of the  or iginal  model for  
simulated f i r ings   ( f ig .  7) show general   agrement  with  theoretical   calcu- 
la t ions  ( f ig .  8) and a c t w l   f i r i n g s   i n   t h z t  large-amplitude  whirling 
motions  developed that were more readily  obtained  for  simulated  firings 
t o  starboard  than  to  port.  In  adaction,  the  division between good  and 
bad performance was clearly  defined as in   the   fu l l - sca le   t es t s ,   there  
being no appreciable  borderline  region  (ref. 5 ) .  A small residual  motion 
developed  near the end of a l l  s table  runs made for  the  basic Eissile. 
This e f fec t  i s  believed t o  be  associated  with the asym-aetric moment which 
existed a t  zero yaw. This was verified by the excl-asion of this   quant i ty  
in  certain  tkeoretical   calculations.  No particular  fnportance i s  atteched 
t o  this e f fec t  because its amplitude is  no more than 5O. 

One condition where the results (fig.  7) did  not  agree  with  either 
actual  f ir ings  or  with  theoretical   calculations  (fig.  8) w a s  a t  zero 
yaw where the experiment indicates  the model t o  be  unstable. An experi- 
ment i n  which the  t ip-off   hpulse  was reduced by about 10 percent produced 
a satisfactory  response of the model; this resul t   indicates  a narked sen- 
s i t i v i t y  t o  th i s   fac tor   ( f ig .  11). An examination of the  informtior- 
fron which the desi- tip-off  hrpulse was calculated  (ref.  4) indicates 
the  possLbility of an error  cor-siderably  larger  than  this amount. The 
theoretical   calculations  also showed th is   sens i t iv i ty   to   the   mgni tude  
of %he tip-off impulse,  because an fncrease  in  the  init ial   t ip-off  condi- 
t ion  of only 15 percent showed that  the  response was unstable  (fig.  12(a) ) . 

Tne f ac t   t ha t   t he  experiment  and calculations do not  agree  for  the 
condition of the t a i l  10' t o  the r igh t  may also  be a result of this   sensi-  
t i v i t y  t o  the  m@itizde of the  t ip-off   hpulse   s ince a decrease of 20 per- 
cent  in  the  value  med  for  the  calculations produced a sat isfactory 
response. Tnis sensi t ivi ty   to   the  nap-i tude of the  tip-off impulse, 
however, is not mxi.I'orlz throughout the yaw rmge  but is la rges t  where 
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the  behzvior of the missile changes  from stable to  unsteble. For 15' 
t a i l  t o  t'le r ight ,   for   instance,  a decrease i n  the   t i p -o f f   bpu l se   t o  
one-half of the  value  normlly used fo r  the calculations failed t o  pro- 
duce E?. stable response. 

Effect of Reversing  Directior  of Arming Propeller 

Reversing  the  direction of ro ta t ion  of t he   ming   p rope l l e r   e f f ec t ed  
a considerable  inproveuent i n   t he  dynamic behavior of the  nodel  (fig. 9 ) .  
Ins t ab i l i t y  was el ia inated  for   s imulated  f i r ings  to   port  a d  a t  zero y&w 
end was restr ic ted  to   angles   greater  than l 5 O  f o r  s i a u l z t e d   f i r h g s   t o  
starboard. The re s idua l  motion ex is t ing   for   the   o r ig ina l  model w a s  not 
detected. The calculated results a re  i n  good aGeement  with  experdent 
and a l so  show the  bener"icia1  effects of reversing  the  armiM-propeller 
rotat ion  ( f ig .  10). For this case it was Eecessarry to   increase the t i p -  
off  inpulse used in   the   ca lcu la t iom &% 2' yaw by 90 percent  before an 
unstsble  condition  developed  (fig. 12(b)) .  

Effect of Illcreasing  Size  of  Reversed-Rotztion Arming Propeller 

imreas ing   the   d ia re te r  of the  reversed-rotation  aming  propeller 
by 50 percent   e lhinated the i n s t a b i l i t y  of t'ne or ig ina l  model fo r   f i r i ngs  
to  starboard  but  introduced  poorer performance than that of the model with 
the small reversed   ro ta t ion   p ropel le r   for   f i r ings   to   por t  aad et zero 
I n i t i a l  yaw (f ig .  13). For these  conditions the dmping  of the notion 
w e s  poor. This ezfect i s  fe l t  t o  be at-lribu-able  to e reverse  zerodynmlc 
asynaetry  similar  to that indicated  for  the  basic model =t zero  angle of 
yzw ir- figure 6(c), but  of  larger  nagnitude. 

Effect of Removing  Arming Propeller 

Removiog the EIpling propeller  produces am ef fec t  on the dynmic 
behavior of the model similar t o  reversing the direct ion 03 rotat ion of 
the arming propeller  (f ig.  lk). Ins t eb i l i t y  was obtzined  for e sindated 
f i r ing   to   s ta rboard  at 20° initial yaw but  not a t   the   o ther   t es t   cona i -  
tions,  including a sinihted f i r i n g   t o   p o r t  a t  20' iaitial yaw. 

Effect of Adding Spoiler Nose Ring t o  Basic Model 

Adding the spoi ler  nose r i n g   t o  the nose of the  or iginal  model elim- 
inated a l l  unstable  gerfolpance of the model ( f ig .  15). The calculated 
results fo r  this condition are in good  egreernen-l with  eqer iment   ( f ig .  16). 
Calculations  using date TroE a previous test  i n   t h e  Langley s t a b i l i t y  
tunnel  indiczte  only a 1-percent loss ir? range as e. r e s u l t  of the addition 
of this  device %a the missile. 
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Effect of Changes  in SsFn Rate 

Reducing  the  spin  rate of the  nodel  by  installing  the 3' tail  made 
no  apprecicble  improvenent in stability  except  when  the  tail  was  held 
initially 20° to  the  left  (fig. 17 (a) ) . In this  case,  however,  the  spin 
rate  at  release  for  some  reason,  probably  as a result  of  mechanical  fric- 
tion,  was  exceedingly  low  (table 11), such  that  the  expected  asymmetrical 
aerodynmic and  inertial  moments  were  not  realized. As was  the  case  for 
the  original  nodel  configuration,  installation  of  the  spoiler  nose  ring 
eliminated  the  instability  (fig.  l7(b) ) . The  ir-itisl  spin  rate  with  the 
3' tail  and  the  spoiler  cose  ring  was  considerably  higher  than  without 
the  nose  ring  (table IT), and a slower  rate  of  damping  with  the  spoiler 
installed  resulted.  Increasing  the  rate of spfn  of  the  model  by  instal- 
ling  the 10' tail  eliminated  the  instability  that  existed  for  the  original 
nodel  at zero initial yaw (fig. 18) but,  other  than  for  increasing  the 
precessional  rate,  had  little  effect on the  results  for  the  other  initial 
conditions  shown. 

The  model  with  no  spin  equipped  wit'?  the norm1 pgopeller  exhibited 
a mild  instability  when tfie tail  was  held  initially 20 to  the  right 
(starboard,  fig.  lg(a) ) . This  instability  was  caused  by  the  aerodynamic 
asymmetry arising f'ron the  rotation of the  arming  sropeller  and  does  not 
exist  when  the  propeller  is  removed  (fig. 19(c)) Calculations of the 
notion of the  model  show  t3is  same  erfect  (fig. 20). Ins+,elling a spoiler 
nose  ring 01;- the  model  equipped  with  the  original  progeller  elininates 
this  instability  (fig.  lg(b) ) . 

An instability  which  is  similar  in  nature to that  exhibited  by  the 
nonspinning  nissile  with  arning  propeller  could  very  well  exist  for  non- 
spinning  pointed-nose  missiles  that  have  little  aerodyf-amic  surface  and 
therefore low dmping. This  effect  is  relt  to  be  possible  because  the 
data  presented in references 6, 7, and 8 for a pointed  body  indicate  th=t 
at  high  angles  of  attack a yawing  moment  sufficient  to  drive  such a motion 
exists  at  zero  sideslip as a result of the  development  of an asymmetrical 
trailing-vortex  system. 

FYorn an  investigation in the Langley  stability  tunnel of the  dynamic 
characteristics of a free-spinning  model  of an antisubmarine  rocket  which 
wes  mounted  with  freedom  to  spin, yaw, and  precess  the  following  observc- 
tions  can  be  made: 

1. T!e  tes+,s  satisfactorily  demonstrated  the  instability  encountered 
by this  antisubmarine  rocket in cross-wind  firings  and  showed  the  effec- 
tiveness of reversing  +,he  direction  of  rotation of the  arming  propeller 

. 



in alleviating,  and  the  erfectiveness of addiog a spoiler  nose  ring  in 
comgletely  eliminating, t'nis instability.  Tceoretical  calcul&Aons  con- 
rimed these  results a32d indicated  the  instability to be  caused  by  the 
aerodynamic aswetry asscciated  with  arming-propeller  rotation  end  body 
spin  as shown in other  papers. 

t 

2. In the  course of these  tests an inst.%bility  similar to  that 
encountered  by  the  spinning  missile was obtained  far a nonspiming case. 
This  instability wes caused  by  the  aerodynamic  asymnetry  in-l-roduced  by 
the  rotation of <ne  Erming  propeller  and  could be eliminated without 
removicg  the eming proseller  by  addition of a spoiler  nose  ring.  The 
asymnetric  moment  which  ceused  this  instability was compuable to  thet 
experienced  by sB?p-r?osed bodies ~t high  angles of attack;  thus  it  is 
possible  that  pointed  nonspinning  missiles could have a simihr unstable 
behavior. 

3. -4s e. result of tnis imestigatior?, it is  felt  that  dynamic tests 
of a spipning  nissile on e. mounting  system  which  provides  freedom to 
spin, yaw, and  precess offer 8n excellent  means for studying  disturbed 
motioos ilnder  controlled  conditions for those  designs  vhere  the tram- 
latory degrees of freedom m e  unimportan-l. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Langley  Field,  Va.,  April 16, 1954. 
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TABL;E I 

DIMF"0NAL AND INERTIAL CKARACTERISTiCS 

Characteristics 

Weight,  lb 
Moment of inertia  =bout 

Xonent of inertir.  about 

Length,  ft 
Maximum diameter, ft 
Cross-sectional  area, sq ft 
Distance  from  flat  of  nose to 
center of gravity, ft 

Approximte mean  rete of 
spin, rpm 

Approximate  mean  rete of 
precession, rpu 

Forward velocity, f'ps 
Cm8, Der  radizn 

longitudinal  axis, slug-f t2 

lateral axis, slug-& 

c% 
C n$ 
Cn(e,P) 

Full-scale  values 
used in conputations 

517 

2.15 

57 94 
8-3 
1.6 
0.886 

2.32 

360 

30 
275 

-1.00 
-1. g 

Figure 6 
Figure 6 

Figure 6 

Model  vclues 
used  in  tests 

"-" 
0.068 

1.85 
4.3 

0.53 
0.222 

1.154 

Wble Ii 

Table I1 
183 5 
-1.00 
-1.9 ""- 

"-" 
""- 
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CONDITIONS FOR WHICH THE MISSIm MOTIONS WERZ COMPUTEXI 

AND THE COMPARABLE TIST CONDITION 

I I I I I 

Computed condition Data  on 
figure Test condition I Data on 

f Igure 
I I I 

I 1 "l 
~ o m l  propeller and 7' t a i l  
Small reversed  propeller 

and 70 t a i l  
Normal propeller, nose ring, 

and 70 t a i l  
Normal propeller and 70 tail,  

but no spin 
Normal propeller, nose ring, 

and 7 O  tai l ,  but no spin 
No propeller, 7 O  tail, 

but no spin 

Noxmal propeller and 7' tai l  
Small reversed  propeller 
and 7O tail 

N o m 1  propeller, nose ring, 
and 7O t a i l  

Normal propeller and 3 O  tail, 
but no spin 

Normal propeller, nose ring, 
and 3 O  tai l ,  but no spin 

NO propeller, 3' tail, 
but no spin 
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Yaw 

Missi le   f i red t o  port w i t n  g. crosswind of 40 knots. 

Yuw 

Missile f i re2 to starboard with a crosswind of 34 knots. 
Figure 1.- Typicel nation of the x i s s i l e  l o r  f i r ings  mde t o  port  and 

starboard. Numbered ticks  represent elapsed time from f i r i n g  i n  
seconds. 



:S 

Z 

i 
Normal to 

nodal axis 
N, 

I 

Horizontal, Y 
._ ._. 

._ .  

of spin 

&’ 
Nodal axisJ M 

L-83646.1 
Figme 2.- Systern of a e s  use&. Arroxs  indicate positive direction of 

forces, moxenix, angles, m d  angular velocities. 
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L- 80 874 
Figure 3.-  Pho7;ograph of the test setup in the Langley stability -tunnel 

shoving the model and tripper arrangement and the periscope. 

I 

I 

. I. , 1 .  
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L-83647 
Figure 4.- Sketch of the three-degree-of-freedom model and support system. 
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w 

7 
Operation 

I .  Air piston  actuates traveler release. 

2. Tail of model IS carried  downward  as 
traveler descends under  action of 
sprmg. 

3. Model is freed when socket is  retracted 
by socket sprlng on encomter of socket 
release  with  pin. 

4. Tripper  swings  back  under action of wind 
when  base is released by contact ot tra- 
veler  with  base-release actuator. 

e- 
\ 

Pivot 

/ 

,';* 
-- Traveler release 

/ /-Socket spring 

Movement of socket 

\ '- Traveler spring 

Base-release '-*. actuator 

L, 
'L- Fixed  plate  with post 

L-83648 
Figure 5.- Sketch of the  tripper mechanism &s used in the t e s t s .  

rrl 
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(a) Stationary or spinning model. 

Figure 6.- Aerodynamic data f o r  Langley stabil i ty tunnel tests used in 
cal~xilations . 

N 
I" 



Iu 
Iu 

r 

Oriqind  propeller 
No propel/er ""_ 

"- Origfnd propeller  with mse ring 
\ 

0 / 

0 4 8 I2 16 20 24 28 32 36 

(b) Stationc.rry model. 

Figure 6 .- Continued. 
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I I .. 

Or/gma/ prqoelkr 
- - - - - Reversed propetleer 
- - - Orrg/na/prop/teer with nose ring / 

.I r / 

\ \ /+” c 
//’ 

1- 

\ \ 

T 2  
0 4 8 /2 t6 20 24 28 32 36 

8 

( c )  Spinn:i-ng model. 

Figure 6 .  - Conclud.ed . 



24 7 NACA RM L5kD22 

3C0 tail to leff 

20° toil to left 

IOo tail to left 

00 

IOo tail to right 

I 

15°fail to right 
I 

Yaw scale 
I 

Oo IOo 20" 3Oo4O0 

Figure 7.- Ekperixental motLon of model equipped with noma1 exming 
propeller aria 7' t a i l  ;"or various in i t ia l   angles  of yaw. T a i l  to 
ler't and right  simulates firings to por t  and stsrboard,  respec- 
t ive ly .  &zro-.q indicates start of motion and direction of  imu l se .  - 



S 

. 

. 

I 7 5" toi! to left 7.5" tad to right 

15" toil to left IO" tail to righi 

2" Toil dodm 
~ ~ 

20" tail to right 

YGW scale 0" IO" 20" 30" 40" 
. .  

Figure 8.- Calculated  motioc  of  rrcdel  equipged wrth = o r m i  armlng grogeller 
and 7 O  t a i l  for var ious   in i t ia l  angles of yaw. T a i l  t o  LeZt and r igh t  
simla-ies f i r ings  to port  and s-iarboard,  respectively.  Tick narks repre- 
sent  elapsed t h e  from re lease i n  seconds. Arrow indicates start of 
motion and direction of impulse. 
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30° tail to left 

20° tail to  left 

00 

1 5 O  fail to  right 

2 F t a i l  to right 
~~ 

30° tail to right 

Figme 9.- Experhental   aotion 05 model equipged v i t h  smdl reversed- 
rotat ion &,rning propeller a_n_d 70 t a i l  f o r  var ious  ini t ia l   angles  of 
ya'n'. Tail t o  leit and r igh t  sindates firings t o  port and starboard, 
respectively. Arrov indicates start of 2otion and direct ion of 
i npdse .  



30" tail to left 

20" tail to left 

2" tail down 

17.5" tail to right 
1 

I 

20" tail to right 

I I 

30" iail to right 

Yaw scale 0" IO" 20" 30" 40" 

Figure 10.- Celculated notion of Eodel  equigped with smll reversed- 
rotation ardng propeller  and 7 O  tail f o r  various  initial  acgles 
or" y m .  T & i l  to left a d  right simlaces firFngs to port  and  star- 
board, respectively. Arrow ir?dicates  start of notion  and  direction 
of inpdse.  
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I 

(a) Normal tip-off impulse. 

(b) Reduced tip-off impulse. 
I I 

Yaw scale 0" IO" 20" 30" 40" 

Figure 11.- STTect of slightly reduclng the t ip-off  impulse on the experi- 
xental motion of zhe nodel eq-Gipped  wikh the no rm1  s r d n g  propeller 
and 7 O  tail for zero i rd t ia l  yav. A-rraw indicates start of motion  snd 
directior, of t ip-off  imTiLse. 

v 



Normal tip-off  impulse Tip-off impulse I5%greater than  normal 
(a) Normal arming propeller. 

I I 
Tip-off impulse  8WAgreater than normal 

w 
Tip-off impulse 90% greater  than  normal 

(b) Reversed arming propeller 

Yaw scale 0" IO" 20" 30" 40' 
I I 

Figure 32 .- Czlculated  notion of %he model wi th  t'Ge 7' t a i l  ma norm1 sgin 
shoving the   e f fec t  or" increaslng the mgnitude 03 the tip-off impdse 
for an i n i t i d  yaw of 2 O  t a i l  Oown, simulating firing directu- in to  the 
wind. Arrow Fndicztes start of motion and directior? of imp-ise. 
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30° tail to  left 

20° tail t o  lef t  

IOo tail to  le f t  

IOo tail to  right 

20° tail  to right 

Fiewe 13.- Experinientel xotion of model equipped with l w g e  reversed- 
rotation arning propeller and 7' tail for varims initial mgles of 
yaw. T a i l  to left and  right simdetes f i r ings  to port acd starboard, 
respectively. Arrov indicates  start of nation  and  direction of 
ixpdse. 
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20° tail to left IOo tail t o  right 

oo ZOO tail to right 

Figure ik .- Experimental motion of m o d e l  equigped with 7' t a i l  bu-L no 
arrdzlg grosel ler  for var ious   i n i t i a l   mg les  of yav. T a i l  t o  Left 
and right sirrmlztes firings t o  port and starboard, respectively. 
A r r o v  i nd ica t e s   s t a r t  or" motion and direct ion of impulse. 



30° tail to left  

20° tail to left  
~~ 

00 

IWtal l  to right 

20° tail to right 

30° tail to right 

Figure 1.3.- E-eriEental rtmtion of model equipped with normal arming 
propeller, 7 O  tai l ,  and nose r ing  for   var ious  ini t ia l   angles  of yaw. 
T a i l  t o  l e f t  and right simulates  f ir ings to port  and starboard, 
respectively. Arrow indicates start of motion and direct ion of 
iapuls e . - 
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30" tail  to left 

I 
20" tail to left 

2" tail down 

33 

IO" tail to right 

- 
20" tail to right 

I I 

30" tail to right 

Yaw scale 00 IO" 200 30" 40" 
. .  

Figure 16.- Calculated  notion of model equipped w i t h  normal amdng 
progeller, 7 O  tail,  and n3se r ing  for vzr ious   i n i t i a l  angles of 
yav. T a i l  t o  le?% aEd r i g h t  simulates firings to p o r t  and star- 
board, respectively. Arrov ind ica t e s   s t a r t  of znotioll end direc- 
tion of inFulse. 



ZOO tail to left 

20° tail t o  right 

20" tail to  left 

ZOO tail to righf 

Yaw scale ' I 

Oo IOo 20° 30° 40° 

(a) Model without  ncse  ring. (b) Model wi th  nose ring. 

Figure 17.- Experimental  notion of m d e l  equigped w i t h  normal arxLng 
propeller and 3' t a i l  for various i n i t i a l  angles 02 yav. T a i l  to 
l e f t  and right sim-dates   f i r ings  to   port  and starboard,  respec- 
t ive ly .  Arro-v ind ica t e s   s t a r t  of motion  and direct ion of impulse. 
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35 

0" 15" toil to right 

20" tail to right 

Figure 18.- lkperinental  motLon of Eodel  equipped w i t h  normal erning 
propeller End IOo t a i l  f o r  various in i t ia l   angles  of yaw. T a i l  t o  
right simlates firings t o  starboard. Arrow indicates start of 
Eotion end direct ion of iapulse. 

c 



200 tail t o  left I 20° tail to right 

(b) !dith normal arming proseller,  
and with node r ing.  

20° tail to right 

I 

20° tail to right 

(E) With normal arming propeller, 
arid without  aose  ring. 

(c)  Without a d n g  prcpeller 
without nose rhg. 

and 

Figme 19.- Experirrental motion of m d e l  equipyed w i t h  3' t a i l  ' o u t  with 
no spin  for   var ious  ini t ia l  angles of yav. T a i l  t o   l e f t  end r igh t  
simlates f i r ings  t o  port  Etr" starboard,  respectively. A-rrox indi- 
cates s t a r t  of ra t ion  md Cirection of i q u l s e .  . 
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20" iail io  tefi 

2" iail down 

20" tail to right 

I 
20" tail to right 

nose ring. 
(b) With  normal  arming  propeller  and with 

20" tail io right 

nose  ring. 
(c) Wlthout  arming  propeller  and  without 

(G) With normal arming  propeller  and  without 
nose rlnq. - -  

t I 

Yaw scale 0" IO" 20" 30° 40" 

Figme 20.- Calculated motion  of  node1 with 7' t a i l  but  with no spin f o r  
various in i t i s1   angles  of yaw. Tail t o  lef t  and right s i m l a t e s   f i r i n g s  
t o  port  m d  sterbozrd, res9ectivel-y. Arrow indicates start or" motion 
and directiofi of irpulse. 
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